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Abstract
During the 2007 Australian Federal Election, opposition lead-
er, Kevin Rudd, declared climate change to be “the great moral 
challenge of our generation”. This claim reflected political and 
social sentiment recognising climate change and energy ef-
ficiency as national priorities. Despite this realisation, imple-
menting energy policy and complementary energy efficiency 
programs have been problematic. This study examined how 
energy efficiency programs influence participant behaviour in 
the context of the Central Victoria Solar City (CVSC) program. 
CVSC was designed to increase participant energy efficiency, 
and decrease reliance on non-renewable energy sources. The 
study used a non-equivalent groups design, which involved 
analysing electricity and survey data from a sub-sample of 
542 matched intervention and control group participants. The 
results indicate that 5.8 % of electricity use reductions in the 
intervention group can be attributed to the CVSC program. 
The study found the Theory of Planned Behaviour (TPB) is a 
plausible model to explain household energy use intentions and 
behaviour. Intentions to reduce energy use were influenced by 
environmental and financial attitudes towards reducing con-
sumption and perceived control over such behaviour. This find-
ing suggests that programs that successfully influence partici-
pant attitudes towards energy conservation and address barriers 
to adopting such behaviours are likely to have a positive effect 
on reducing energy use. The authors propose that changes in 
intentions and behaviour may be driven by programs fostering 
more favourable attitudes and beliefs towards energy use rather 

than by strengthening the relationships between the TPB con-
structs. This study’s approach contributes to the emerging body 
of knowledge on suitable methods for evaluating the impact 
of energy efficiency programs and policies, and understanding 
their influence on participant attitudes and beliefs.

Introduction
Peter Drucker succinctly defined efficiency as “doing things 
right”. Encouraging households and industry to do the right 
thing about energy use has been a major challenge for policy 
makers responsible for ensuring energy security and lowering 
carbon pollution. It is therefore paramount that energy effi-
ciency policies are based on reliable research about not only 
what policies work, but extends to how they work and under 
what conditions. 

The rationale for government intervention to encourage in-
vestment in energy efficiency is based on the notion of market 
failure. Such free market inefficiencies have been described as 
the energy efficiency gap, which is the difference between opti-
mal and actual levels of investment in energy efficiency (Jaffe & 
Stavins, 1994). Proponents of the energy efficiency gap suggest 
that market failure and barriers are major contributors to this 
underinvestment in energy efficiency (Dietz, 2010). Market 
failures identified include: energy pricing not reflecting social 
costs (e.g. pollution, CO2 emissions) and consumers lacking 
information and cost incentives to invest in energy efficiency. 
Identified market barriers include: uncertainty about future 
energy prices and energy efficient investment (e.g. higher dis-
count rates); hidden costs (e.g. adoption, search, maintenance, 
training) and energy efficiency investments being effective for 
some but not others (i.e. varied outcomes).
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A central economic question around energy efficiency is: 
can government intervention correct investment inefficien-
cies? Policy measures designed to address such inefficiencies 
include: a Pigouvian tax to create an incentive to use more en-
vironmentally friendly methods of production; a cap and trade 
system (e.g. ETS) that allows trading of emissions allowances; 
energy efficiency subsidies and standards; and energy efficiency 
programs designed to foster sustainable behaviour and acceler-
ate adoption of energy efficient technologies (i.e. market trans-
formation). Although such measures are well recognised, a lack 
of credible empirical research makes it difficult to assess the 
extent of the energy efficiency gap and the potential influence 
of both independent and complementary government policy 
measures (Allcott & Greenstone, 2012).

AustrAlIAn	EnErgy	PolIcy	contExt	
A review of Australian energy policies – the site of this study 
– by the International Energy Agency identified environmen-
tal sustainability as our greatest challenge (IEA, 2005). This 
sentiment was endorsed by Opposition Leader (and soon to 
be Prime Minister), Kevin Rudd, who declared climate change 
to be “the great moral challenge of our generation” during the 
2007 Australian Federal Election. During this period, it was 
suggested that energy efficiency can increase the Australian 
economy’s GDP and employment and the energy sector would 
benefit from greater government efforts to improve energy effi-
ciency throughout the economy (Energy Task Force, 2004; IEA, 
2005). In response to such recommendations, and scientific 
evidence suggesting that Australians are exposed to damaging 
risks associated with climate change, a comprehensive review 
of the impacts of climate change was undertaken (known as 
The Garnaut Review). This review examined how Australia was 
likely to be affected by climate change and how government 
policy could best contribute to climate change mitigation, and 
adaptation. Garnaut (2008) suggested there were two basic 
approaches to achieving the required emissions reduction: a 
market-based approach, built around putting a price on carbon 
emissions; and a regulatory approach, or direct action. Garnaut 
(2008) recommended a three-year fixed carbon price followed 
by a carbon trading scheme with a floating price. The Austral-
ian Government adopted this approach, with a carbon price 
introduced in July 2012. 

Although introducing a carbon tax is the major feature of 
Australia’s energy efficiency and climate change mitigation pol-
icy, this is not viewed as a panacea for securing energy supply, 
enhancing Australia’s economic growth potential and lowering 
carbon pollution. Thus, complementary actions to overcome 
market failures and non-price barriers have been identified 
in the Australian Government’s Energy Policy Framework. A 
major objective of this framework is to empower consumers 
directly to manage their energy use efficiently and effectively 
(DRET, 2012). This objective includes two major elements: fos-
tering adoption of energy efficiency technologies and services; 
and providing consumers with information to support deci-
sion-making and enable behavioural change (DRET, 2012). A 
key issue for achieving these objectives is to develop a better 
understanding of the drivers of change in energy use (and pro-
ductivity), which in turn can support more informed policy 
decisions. 

solAr	cItIEs	ProgrAm
The Australian Government’s Solar Cities program is an exam-
ple of a research trial designed to gain a better understanding 
of consumer response to the adoption of energy efficiency tech-
nologies and services. The program was carried out in seven 
separate regions across Australia, including Central Victoria. 
Central Victoria Solar City (CVSC) encourages central Victo-
rian residents to test the effectiveness of different energy ef-
ficiency and renewable energy products and services in reduc-
ing energy use and reliance on non-renewable energy. CVSC 
is funded by the Australian Government through the Depart-
ment of the Climate Change and Energy Efficiency, Sustainabil-
ity Victoria, the Sustainability Fund and the Central Victoria 
Solar City Consortium. Managed by Sustainable Regional Aus-
tralia, CVSC’s consortium members include Bendigo and Ad-
elaide Bank, Central Victorian Greenhouse Alliance (CVGA), 
Origin and Powercor.

The CVSC program involved recruiting 1,873 household re-
search participants (intervention group) and a control group 
of 715. The research trial involved recording changes to their 
energy consumption for up to five years. Each household in 
the intervention group received a free walkthrough Home 
Energy Assessment (HEA) to identify areas of energy waste 
or inefficiency. Following the assessment, participants were 
provided with a series of recommendations to improve their 
energy efficiency and were given the opportunity to take part 
in one or more of the program’s other packages. These extra 
packages were: retrofit package (AUD$500/€400 rebate on 
AUD$2,000+/€1,600+ energy efficiency investments); solar 
hot water; household solar photovoltaic system (1.5 kW); and 
in-home energy displays (IHDs).

PurPosE	of	thE	study
This study attempts to explain how the CVSC program has 
influenced household energy use and the major psychologi-
cal drivers of electricity consumption. It does this by apply-
ing the Theory of Planned Behaviour (TPB Ajzen, 1991) to 
explain electricity use intentions and behaviour and assessing 
the program’s influence on strengthening relationships between 
the model’s constructs. Although extensive research has tried 
to explain the characteristics and dynamics of energy use and 
pro-environmental behaviour (e.g. Abrahamse & Steg, 2009; 
Olli et al., 2001; Stern et al., 1999) and the impact of energy ef-
ficiency programs (e.g. Geller, 2002; Macintosh & Wilkinson, 
2011; Steg et al., 2006), there has been little research on how 
such programs influence energy behaviour.

In this context, the purpose of this research is to fill this gap 
in the literature by using a quasi-experimental design to ex-
amine how energy efficiency programs influence participant 
behaviour. Factors within the TPB were used as measures of 
attitudes and beliefs, and as a model to explain energy use 
intentions and behaviour. Specifically, this research has three 
objectives:

1. To examine changes in electricity use attributable to the 
program.

2. To test how attitudes and beliefs influence participant inten-
tions to reduce energy use and actual behavioural changes.
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3. To test if program participation strengthens the influence of 
attitudes and beliefs on intentions to reduce energy use and 
actual behavioural changes.

The rest of the article is structured as follows: First, a review 
of the literature summarising previous research on household 
energy conservation and the study’s theoretical framework is 
presented. Next, the procedures used to collect and analyse the 
study’s data are described. The results from the data analysis 
are then presented. The article ends with a discussion of the 
study’s findings and research contributions and directions for 
future research.

literature	review
The following section details the linkages between existing 
knowledge in the energy behaviour field and this study.

housEhold	EnErgy	consErvAtIon	
Household energy conservation efforts can be divided into two 
categories: curtailment and efficiency behaviour. Curtailment 
behaviours are everyday actions that help to conserve energy 
(e.g. turning off lights, lowering thermostat settings). Efficiency 
behaviours are one-off installations of devices that enable on-
going energy conservation (e.g. buying efficient appliances, 
installing insulation). The energy-saving potential of efficiency 
behaviour has been found to be greater than that of curtail-
ment behaviour (e.g. Stern, 2002). For instance, households 
may save more energy by installing more efficient appliances 
than by minimising the use of inefficient devices. A contradic-
tion may arise, however, if people use efficient appliances more 
often than they otherwise would have because they are cheaper 
to operate (i.e. the rebound effect or Jevons Paradox). Such situ-
ations highlight the need to consider the relationship between 
adoption of energy technologies and knowledge of how to use 
them efficiently, when evaluating the influence of conservation 
efforts on household energy consumption.

BEhAvIourAl	PErsPEctIvE
Existing studies on household energy behaviour are typically 
based on interdisciplinary ideas from economics, psychology 
and sociology. The primary purpose of such studies has been 
to stimulate behaviours that are more energy efficient and/or 
will reduce energy-consuming behaviours. Despite the preva-
lence of research addressing such issues, understanding energy 
behaviour still presents many complexities. Such issues include 
difficulties in identifying and measuring the factors that influ-
ence energy-consumption and the nature of each influence 
on behaviour. Stern (1992) suggests potential factors include 
psychological, social structures, economic, technological and 
other variables. Similarly, Abrahamse et al. (2005) propose that 
energy consumption is a complex interaction between macro-
level factors (e.g. technological, economic, demographic and 
institutional factors) and an individual’s motivational factors 
(e.g. preferences, attitudes), abilities and opportunities.

Barr et al. (2001) sought to provide a broader understanding 
of environmental behaviour, through a framework that suggests 
consumption is mainly influenced by social and environmental 
values, situational variables and psychological factors. The link 
between values and conservation behaviour builds on previous 

studies, which have found that social values are associated with 
environmental practices (Corraliza & Berrenguer, 2000; Stern 
et al., 1995). A wide range of social science studies have also ex-
amined the influence of environmental values on behaviour. In 
general, such studies have failed to provide conclusive evidence 
that support the effect of values on behaviour (e.g. Steel, 1996; 
Vining & Ebreo, 1992). A possible reason for the failure to iden-
tify such a relationship could be attributed to the moderating 
and mediating effects of situational variables (e.g. physical in-
frastructure, geographical location, socio-economic structure 
and knowledge) or psychological variables (e.g. attitudes, social 
norms), which have received considerable attention in the past 
forty years (Azjen & Fishbein, 1980; Stern et al., 1992).

Despite the prevalence of literature into the determinants of 
energy consumption, such factors are rarely considered when 
evaluating the effectiveness of energy programs. Indeed, Ab-
rahamse et al. (2005) found that only 25 % of studies reviewed 
controlled for behavioural determinants. Such omissions inhib-
it the ability of these evaluations to examine if the differences 
observed in post-program energy consumption are caused by 
the intervention itself or by something else (i.e. counterfactual 
explanations). This study seeks to consider such confounding 
effects by comparing the influence of the CVSC program in the 
context of psychological determinants of energy use, specifi-
cally by applying the Theory of Planned Behaviour to explain 
participant intentions and energy consumption changes.

thEory	of	PlAnnEd	BEhAvIour
Many models of consumer behaviour have been proposed in 
the literature (e.g. Howard & Sheth, 1969; Engel et al., 1990; 
Peter & Olson, 2004). However, because of its parsimonious 
explanation of consumer behaviour and its currency in the 
marketing, psychology and energy efficiency literature, Ajzen’s 
(1991) TPB was used by this study as a framework for explain-
ing the influence of CVSC program participation on behaviour. 
The following provides an overview of this attitude-behaviour 
model.

The TPB proposes that a person’s behaviour is a direct func-
tion of their intentions, which mediates the influence of at-
titudes, subjective norms and perceived behavioural control 
(refer Figure 1). The theory is an extension of a previous model 
known as the theory of reasoned action, which does not in-
clude the perceived behavioural control construct (Ajzen & 
Fishbein, 1980).

The TPB asserts that an individual’s given behaviour is pre-
dicted by their intention to perform that behaviour. When an 
individual’s behaviour is intentional, then the TPB suggests 
that these intentions can be predicted by three primary ante-
cedents: attitudes towards the behaviour, subjective norm and 
their degree of perceived behavioural control. Attitude towards 
the behaviour is a personal variable reflecting a psychological 
tendency, or feeling, expressed by an individual towards a be-
haviour, either favourably or unfavourably. A social norm is a 
socially oriented variable and represents a person’s beliefs about 
a behaviour, based on perceptions of how other influential per-
sons believe they should behave and their motivation to comply 
with such beliefs. Perceived behavioural control is an externally 
oriented variable and reflects how easy or difficult an individual 
believes it is to perform the behaviour. 
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Although the TPB has been criticised for various reasons, 
such as a focus on rational decision making, rather than emo-
tions (e.g., Ajzen & Fishbein, 2005), it has been widely used in 
dozens of peer reviewed studies, and has a rich history of use 
in behaviour change for social causes. For example, the frame-
work has been used to predict energy use (Abrahamse & Steg, 
2011; Harland et al., 1999) and conservation technology adop-
tion decisions (Lynne et al., 1995). Various meta-analysis stud-
ies have shown the TPB to be a robust and useful tool for pre-
dicting behaviours in a wide range of situations (e.g., Armitage 
& Conner, 2001). Although such studies have tested how well 
the TPB explains intentions and behaviour, none of the extant 
literature has assessed if energy efficiency program participa-
tion strengthens the influence of each of the models constructs 
on energy use intentions and behaviour within an experimental 
or quasi-experimental setting.

methodology
The following section describes the study’s research design and 
procedures used to carry out the study.

EvAluAtIon	dEsIgn
The voluntary nature of participation in energy efficiency pro-
grams often means that a true experimental design (i.e. ran-
domised controlled trial) with randomly assigned treatment 
(i.e. intervention group) and non-treatment (i.e. control group) 
groups is not possible. As intervention groups for the CVSC 
program are self-selected, a non-equivalent groups quasi-
experimental design (NEGD) was adopted for this study. The 
Non-Equivalent Groups Design (NEGD) is probably the most 
frequently used design in social research (Trochim, 2001). A 
NEGD arises when program participants volunteer for differ-
ent interventions, rather than through random assignment. 
This is the case with the CVSC evaluation, where intervention 
(self-selected) and control group (randomly selected) partici-
pants were not equivalent in the way they were recruited to take 
part in the study. A simple pre-post design without a control 
group, would not allow for testing of whether differences would 
have occurred without the intervention. Therefore, this study 
has used a pre-post design with matched control groups to ena-

ble measurement of changes in electricity use attributable to the 
CVSC program. For interested readers, a more comprehensive 
review of the NEGD can be found in Cook & Campbell (1979).

dAtA	collEctIon
A longitudinal design was employed, with measurements at 
baseline (and before baseline for some measures, e.g. historical 
energy consumption, climate data) and at intervals throughout 
the remainder of the CVSC program. Data collection began in 
2010, and will continue until the program’s conclusion in June 
20131. Three major data sources were collected and monitored 
for this study: electricity use, participant surveys and climate 
data.

ElEctrIcIty	usE	dAtA
For evaluation purposes half-hourly energy use data was col-
lected from all participating households. This interval meter 
data is collected by the region’s electricity distributor (Power-
cor) from all households in the program’s intervention and con-
trol groups. Information about pre-program quarterly electric-
ity use was also provided retrospectively, for up to three years. 
Data on energy use from reticulated gas or other sources was 
collected by means of self-reporting of household bills. 

PArtIcIPAnt	InformAtIon
To collect information about the determinants of energy con-
sumption, baseline surveys were conducted with all participat-
ing households as part of the sign-up process. Follow-up sur-
veys were also conducted on two further occasions following 
completion of program interventions. 

The baseline surveys involved distributing two separate 
questionnaires to participating households. Each survey was 
administered using Dillman’s Total Research Design method 
(Dillman, 2007). The first survey was a self-administered mail 
survey distributed to participants after expressing an interest 
to take part in the study. This initial survey mainly focused on 
household characteristics such as site details, appliances, light-
ing, energy bills, reticulated gas and other energy sources and 

1. The data used for this study was collected up to June 2012.

Attitudes
(Behavioural	  beliefs	  x
Outcome	  evaluations)

Subjective	  Norm
(Normative	  beliefs	  x

Motivation	  to	  comply)

Perceived	  Behavioural	  Control
(Control	  beliefs	  x	  Self-‐efficacy)

Behavioural	  
Intentions Behaviour

Actual	  
Behavioural	  

Control  
 
Figure 1. Theory of Planned Behaviour (Ajzen, 2005).



7. MoniToRing AnD EVALUATion

	 ECEEE SUMMER STUDY pRoCEEDingS 2041     

7-224-13 LYnCH, MARTin

energy efficiency measures. On submission of the first survey 
booklet, participants were provided with a second question-
naire in the form of a mail, web or a telephone survey, depend-
ing on the respondent’s preference. This second survey col-
lected information about environmental values, knowledge, 
views and opinions on energy use, information sources and 
demographic characteristics. In total, 1,873 intervention group 
and 715 control group participants fulfilled these initial survey 
requirements. 

Follow-up surveys included a review of demographic char-
acteristics, building characteristics, appliances, psychological 
characteristics, retrospective information on use of reticulated 
gas and other energy sources; and questions specific to particu-
lar interventions. These questions addressed issues of satisfac-
tion, value, changes to housing and demographic characteris-
tics, attitudes towards solar energy technologies, free-ridership 
and spill-overs, and other suitable items.

clImAtE	dAtA
Local climate data was sourced from the 14 Local Government 
Areas involved in the program. Relevant climate covariates in-
cluded meteorological measures such as heating degree days, 
cooling degree days, temperature, wind speed, cloud cover, 
rainfall and relative humidity.

mIssIng	dAtA
Missing value analysis was applied to explore the prevalence 
and nature of missing data from participant survey. This proc-
ess found the frequency of missing data was small (ranging 
from <1 % to 5 %). The item with the highest proportion of 
missing values was income, which is a common issue in survey 
research. 

To assess the nature of the missing data, Little’s MCAR Test 
was applied to each of the items with incomplete data sepa-
rately for attitudinal items and participant characteristics. The 
significant test values for attitude measures (Little’s MCAR Test: 
χ2=1,915, df=1,305, p<0.05) and housing/socio-demographic 
characteristics (Little’s MCAR Test: χ2=4,895, df=2,924, p<0.05) 
indicate that the missing data on these items was related to the 
pattern of missing values in one or more related variables. Due 

to this departure from randomness of the missing data, these 
items cannot be considered Missing Completely at Random 
(MCAR). As several common methods for treating missing 
data (e.g. listwise, pairwise, regression) require missing values 
that are MCAR it was not possible to apply such techniques to 
items which violate this assumption. To overcome this limi-
tation, an Expectation Maximisation (EM) method was ap-
plied, which only requires an assumption of missing at random 
(MAR) (Little & Rubin, 2002). 

mEAsurEmEnt
Measures for constructs of TPB variables were taken from the 
TPB Manual (Francis et al., 2004). The measures of attitudes, 
subjective norm, perceived behavioural control and behaviour-
al intentions were presented to respondents as statements an-
chored by Likert scales from 1 (strongly disagree) to 5 (strongly 
agree). Participant behaviour was measured using electricity 
meter data. The items used to measure each construct are pre-
sented in Table 1. 

Confirmatory factor analysis (CFA) was undertaken to as-
sess the convergent and discriminant validity, and reliability of 
these measures. Because the observed indicators were meas-
ured using ordinal Likert scales, the use of product-moment 
correlations are not appropriate (Jöreskog, 1990). Therefore, 
polychoric correlations were calculated and CFA was undertak-
en using a Weighted Least Squares (WLS) estimation method. 
The results from this analysis suggested that the hypothesised 
TBP model did not have a good fit with the data (CFI=0.97, 
RMSEA=0.115). Analysis of the reliability for each construct 
suggested that the two indicators for attitudes: outcome evalu-
ation was low (ρ=0.45), while reliability for the model’s other 
constructs was high (>0.70). This finding suggests that outcome 
evaluations relating to environmental and financial benefits of 
reducing energy use are not a unidimensional construct. This 
interpretation was confirmed when removing the outcome 
evaluation measures from the model resulted in an excellent fit 
with the data (CFI>0.99, RMSEA=0.05).

Following the CFA, composite scores were computed for 
each of the TPB variables to consider the measurement error 
of each indicator. As the unidimensionality of outcome evalu-

	  

Target	  Population
(Central	  Victoria	  Residents)

ADC	  (kWh)

ADC	  (kWh)

ADC	  (kWh)

ADC	  (kWh)A1

AIntervention	  Group
(self-‐selection)

Control	  Group
(random	  selection)

Groups Pre-‐program Treatment Post-‐program

B

CVSC	  
Intervention

C

A	  and	  A1:	  Comparison	  of	  changes	  to	  both	  groups	  since	  the	  intervention
B:	  Comparison	  between	  the	  two	  groups	  before	  the	  intervention	  (matched	  to	  control	  for	  biases)
C:	  Comparison	  between	  the	  two	  groups	  after	  the	  intervention  

 
Figure 2. Evaluation Design.
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ations was not confirmed by the analysis, separate attitudinal 
composites were calculated for financial and environmental at-
titudes. Each composite score was proportionally weighted by 
each indicator’s regression coefficient to preserve the original 
scale of the data and therefore aid analysis interpretation. 

mAtchEd	PAIrs
A problem created by quasi-experimental research designs is 
that there may be systematic differences between the interven-
tion and control groups besides intervention exposure (Stu-
art, 2010). In such cases, any observed differences between 
the groups for variables of interest (e.g. electricity use, behav-
ioural intentions) might be due to confounding variables (e.g. 
climate, gas connection, demographic characteristics) rather 
than the intervention itself. Therefore, there is a need to con-
trol for such potential biases through sampling and statistical 
adjustment. 

To increase comparability between the evaluation’s interven-
tion and control groups a matched pairs design was used. This 
process involved propensity score (the probability of receiving 
the intervention based on measured covariates) matching of 
intervention participants with control group households based 
on a composite of background variables and pre-program 
adoption of renewable energy technologies (i.e. Household So-
lar Electricity and Solar Hot Water). For the current study, this 
process was limited to participants whose energy use data was 
available for 12 months pre and post the program’s intervention 
period (Intervention Group n=372; Control Group n=362). Af-
ter estimation of the propensity score, a ‘greedy’ matching pro-
cedure (1:1) was used to match intervention and control group 
participants. Following this procedure, the matched sample in-
cluded 542 participants split evenly between the intervention 
and control groups.

data	Analysis	and	results
The following summarises data collected from the study and 
reports results of inferential statistical analyses. The purpose 
of these analyses was to explain how the CVSC program has 
influenced household energy use and the major psychological 
drivers of electricity consumption.

dEscrIPtIvE	stAtIstIcs
As shown in Table 2, there are strong similarities between the 
matched control and intervention groups on socio-demo-
graphic and property characteristics. The only difference of 
significance was for gas hot water services, which were more 
prevalent in the control group (46 % vs. 33 %). 

Table  3 summarises participant characteristics associated 
with the psychological and behavioural factors aligned with the 
TPB. Both Intervention and Control groups exhibited skew-
ness for average daily consumption (ADC), which necessitated 
the use of log transformations. The only significant difference 
noted for the TPB variables was for intentions, which is not 
surprising considering the self-selected intervention group 
had made some level of commitment to reduce energy use by 
deciding to take part in the program. While both financial and 
environmental attitudes and perceived behavioural control 
were high for both groups, subjective norms were relatively low.

Electricity	use
For time series data such as this it is often helpful to smooth the 
data to make any trends in the data more apparent. In this case 
4-point moving averages were selected to remove the obvious 
seasonal effects (refer Figure 3). The moving average shows the 
downward trend in energy use for both the intervention and 
control groups before and after the treatment period (first half 
of 2011).

table	1.	measurement	items	and	reliability.

Construct Items Raykov’s ρ 
Attitudes: behavioural beliefs • Using less energy will save my household money 

• Using less energy will reduce my household's impact on the 
environment 

0.76 

Attitudes: outcome evaluation • Reducing my household's energy bill will improve my financial 
situation 

• Reducing my household's impact on the environment would be 
a good thing 

0.45 

Subjective norm: normative beliefs • Most people whose opinions I value would approve if I used 
less energy 

• Most people whose opinions I value would approve if I installed 
energy saving devices 

0.91 

Subjective norm: motivation to comply • Generally speaking, I care greatly what important people in my 
life think I should do 

N/A 

PBC: Control beliefs • The decision to use less energy in my household is beyond my 
control 

• The decision to install energy saving devices in my household 
is beyond my control 

0.83 

PBC: Self-efficacy • It is too difficult for my household to use energy in a better way N/A 
Behavioural intentions • I plan to use less energy in my household over the next twelve 

months 
• I plan to install energy saving devices in my home over the next 

twelve months 

0.76 

 Note: To reduce participant burden, single-item measures of motivation to comply and self-efficacy were used. Ajzen (2005) suggests that 
such single-item measures have “proved quite adequate for the assessment of particular attitudes or personality traits” (p. 8). 
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chAngE	In	ElEctrIcIty	usE
A repeated measures ANOVA (rANOVA) was conducted to 
assess whether there were differences in changes to energy use 
between the intervention and control groups. Due to observed 
non-normality for the energy use measures, this analysis was 
undertaken on log transformations. The analysis indicates that 
there was no significant difference between the two groups’ 
pre-intervention energy use (F(1)=0.53, p>.05). The results do 
suggest that changes in energy use were significantly affected 
by participation in the CVSC program (Wilks’ Lambda=0.943, 
F(1, 540)=32.42, p<.05). This finding suggests that program 
participants, on average, achieved a greater reduction in elec-
tricity use than the control group (refer Figure 4). 

To obtain a measure of effect, the relative difference between 
the post-intervention and pre-intervention data was deter-
mined (ADC in 2011–12 financial year and 2010). The change 

measure used represents the change in the log of the energy 
use (CLEU). The CLEU measure is a ratio of ratios (the change 
in the intervention group relative to the change in the control 
group) or in logarithmic terms a difference of differences (the 
difference between the changes in intervention and control 
groups). This analysis found that the overall reduction in en-
ergy use for the intervention group was 5.8 % more than that 
for the control group.

ExPlAInIng	EnErgy	usE	IntEntIons	And	BEhAvIour
A path analysis was used to test the fit between the TPB model 
and the data collected for the study. The combination of TPB 
variables provided a plausible explanation of behavioural in-
tentions and behaviour (changes in electricity use) (χ2(3) = 8.5, 
p > 0.01; CFI = .98; NFI = .98; RMSEA = 0.06). The regression 
weights, presented in Table 4, suggest that attitudes (environ-

table	2.	socio-demographic	and	property	characteristics	(%).

	  
Group 

Characteristic 
Intervention 

(n=271) 
Control 
(n=271) 

Age 
	   	  18–34yo 5% 6% 

35–44yo 14% 13% 
45–55yo 28% 25% 
55–64yo 30% 32% 
65+yo 23% 25% 

Income 
  $50,000 or less (€40,000 or less) 44% 47% 

$50,001–$100,000 (€40,001–€80,000) 35% 37% 
$100,001 or more (€80,001 or more) 21% 16% 

Education 
  Secondary School 30% 35% 

TAFE (vocational) 15% 15% 
Tertiary 55% 49% 

Employment Status 
  Employed 63% 58% 

Not employed 1% 2% 
House Duties / Volunteer Work 6% 6% 
Retired 30% 34% 

Gas Connection 
  Reticulated gas 45% 52% 

Bottled gas 28% 23% 
No connection 27% 25% 

House Size 
  Small 31% 31% 

Medium 54% 55% 
Large 15% 14% 

Hot Water Type 
  Electric 45% 39% 

Gas* 33% 46% 
Solar 19% 14% 
Other 3% 2% 

Solar PV (% with) 15% 13% 
Property Tenure 

  Owned 57% 58% 
Mortgage 42% 41% 
Rent 1% 0.4% 

 
* p<0.05
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mental and financial) and perceived behavioural control sig-
nificantly contribute (p<0.05) to the predication of behavioural 
intentions. The subjective norm variable was not found to have 
a significant influence on intentions (p>0.05). Intentions to 
reduce energy use were found to be a significant predictor of 
changes in electricity use (p<0.05), while perceived behavioural 
control did not have a significant influence (p<0.05). 

The adjusted R2 for behavioural intentions was 0.25. This in-
dicates that 25 % of the variance in intentions to reduce energy 
were explained by the model. According to Cohen (1988), this 
is a moderate effect (ƒ2=0.34). This variance explained in be-
havioural intentions is comparable to other studies that have 
tested the TPB (Armitage & Connor, 2001). 

The variance explained in changes to electricity use was 
lower than behavioural intentions (R2=0.04). This finding sug-
gests that only a trivial amount of change in electricity use is 
explained by the intentions and perceived behavioural control 
variables (ƒ2=0.04). The higher predictability of the TPB varia-

bles on intentions than actual behaviours is consistent with pre-
vious studies applying this model (Armitage & Connor, 2001).

The strong fit between the TPB model and the study’s data 
suggest that intentions completely mediate the influence of at-
titudes and perceived behavioural control on change in elec-
tricity use (i.e. actual behaviour). This finding suggests that 
although these constructs do not influence behaviour directly, 
they do so indirectly through their influence on intentions, 
which in turn has a direct effect on behaviour (refer Table 5).

modErAtIng	EffEcts	of	ProgrAm	PArtIcIPAtIon
A multi-group path analysis method was used to assess if pro-
gram participation moderates the relationship between these 
variables. The TPB variables provided a good fit of behavioural 
intentions and behaviour (changes in electricity use) for both 
the intervention and control groups2 (χ2(6)  =  15.2, p  >  .01; 

2. Data-model fit indices are calculated across both groups.

table	3.	Participant	characteristics:	tPB	variables	and	electricity	use.

 
Intervention group Control group 

 

 
Mean (SD) Median Skew Mean (SD) Median Skew Scale 

TPB 
       

Intentions* 4.1 (0.56) 4.0 -0.21 3.7 (0.78) 3.6 -0.46 1-5 
Attitudes (financial)1 16.6 (5.35) 16.0 -0.06 16.9 (5.68) 16.0 -0.07 1-25 
Attitudes (environmental)2 19.6 (4.45) 20.0 -0.10 19.4 (5.12) 20.0 -0.47 1-25 
Subjective norm3 12.3 (4.44) 12.0 0.05 12.5 (4.93) 12.0 0.30 1-25 
PBC4 16.6 (4.91) 16.0 -0.06 15.9 (5.08) 16.0 -0.16 1-25 

Electricity Use 
       

ADC kWh (2010) 19.9 (12.67) 17.2 1.23 18.3 (10.93) 15.9 1.87 kWh 
ADC kWh (2011/12) 15.6 (9.75) 13.3 1.28 16.7 (9.91) 14.2 1.51 kWh 
Log ADC kWh (2010) 1.2 (0.29) 1.2 -0.24 1.2 (0.24) 1.2 0.03 log(kWh) 
Log ADC kWh (2011/12)* 1.1 (0.28) 1.1 -0.19 1.2 (0.25) 1.2 -0.03 log(kWh) 

 *p<0.05
1 Product of financial belief strength (fb) and financial outcome evaluation (fo): Attitudes_financiali ∝ ∑fbifoi.
2 Product of environmental belief strength (eb) and environmental outcome evaluation (eo): Attitudes_environmentali ∝ ∑ebieoi.
3 Product of normative belief (n) and motivation to comply (m): SNi ∝ ∑nimi.
4 Product of control belief (c) and self-efficacy (s): PBC ∝ ∑cisi.

 
  

 Figure 3. Average Daily Consumption (kWh) by group. Figure 4. Change in Log ADC (kWh) by group (pre and post 
intervention).
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The results show that 5.8 % of the electricity use reductions 
observed in the intervention group can be attributed to par-
ticipation in the CVSC program. This finding suggests that the 
program was successful in encouraging participants to change 
their energy use behaviour. The influence of this program is 
consistent with similar feedback programs, where a decrease 
of between 5 % and 12 % has usually been observed (Fischer, 
2008). It is important to recognise that this result refers to the 
main impact of the program. Participant outcomes may have 
varied depending on participant characteristics and adoption 
of the program’s additional packages: retrofit rebate; household 
solar electricity; solar hot water; and in home energy displays. 
Although measuring such distributional program effects were 
beyond the scope of the current study, such analysis would pro-
vide a more detailed assessment of the program’s impact on 
participant behaviour.

The study found that the TPB is a plausible model to explain 
household energy use intentions and behaviour. In particular, 
the model explained a moderate level of variance in participant 
intentions to reduce energy use (24 %), but only a relatively 
small amount of variance in actual electricity use consumption 
(4 %). The higher predictability of the TPB variables on inten-
tions than actual behaviours is consistent with previous studies 
applying this model (Armitage & Connor, 2001). It is proposed 
that the low predictability of changes in electricity use may be 
because of perceived behavioural control being a poor proxy 
for actual control for energy consumption. Participants in both 
the intervention and control groups generally reported high 
levels of perceived controllability concerning their ability to re-
duce energy use. Such a discrepancy may be because of cogni-

CFI = .97; NFI = .96; RMSEA = .05). A comparison of regres-
sion weights suggests that the influence of each variable is in-
variant across both the control and intervention groups. 

This multi-group analysis suggests that participation in the 
program does not affect the direction and/or strength of the 
relationship between the model’s independent and response 
variables. Therefore, there is no evidence that program partici-
pation moderates the TPB model in this study.

The only significant difference between the two groups re-
lated to the intercept for behavioural intentions, which sug-
gests that average intentions for the intervention group are 
higher than the control group, even after controlling for at-
titudes, subjective norm and perceived behavioural control. 
This finding suggests that exogenous factors to the TPB are 
influencing the intervention group’s predisposition to have 
stronger intentions to reduce energy use. In contrast, the in-
tercepts for changes in energy use are invariant across both 
groups. This suggests that average changes in energy use are 
similar for both groups when controlling for the influence of 
behavioural intentions.

discussion
This study sought to examine how energy efficiency programs 
influence participant behaviour. This was done by applying the 
TPB to test how program participation influences the relation-
ship between intentions, behaviour and their determinants. 
This is the first study that has assessed if energy efficiency pro-
grams strengthen the influence of such relationships using a 
quasi-experimental research design. 

table	4.	Path	Analysis	summary	for	tPB	variables	predicting	intentions	and	behaviour.

Variable B SEB β 
Intentions    

PBC* 0.04 0.006 0.27 
Subjective Norm 0.006 0.006 0.04 
Attitudes (environment)* 0.03 0.006 0.20 
Attitudes (financial)* 0.04 0.005 0.21 
Intercept* 2.15 0.14   

Change in ADC (%)    
Intentions -6.90 1.44 -0.22 
PBC 0.35 0.20 0.07 
Intercept 9.24 5.44  

 

 
Intentions  Change in ADC (%) 

 
Total Effect Direct Effect  Total Effect Direct Effect Indirect Effect 

Attitudes (environment) 0.21 0.21  -0.05 na -0.05 

Attitudes (financial)* 0.21 0.21  -0.05 na -0.05 

Subjective Norm ns ns  ns na -0.01 

PBC 0.27 0.27  ns ns -0.06 

Intention na  na   -0.22 -0.22 0.00 

 

table	5.	direct	and	indirect	effects	of	tPB	variables	on	intentions	and	behaviour.

Note: Intentions R2=0.25 (n=542, p<0.05). Change in ADC (%) R2=0.04 (n=542, p<0.05).
*p<0.05

Note: Figures are β coefficients; ns=not signficant; na=not applicable.
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is recommended that future research be undertaken into the 
determinants of attitudes and perceived barriers towards re-
ducing energy use. Developments in this area are expected to 
help policy makers and program administrators to design and 
implement more effective energy efficiency programs.

The analysis found that program participation did not 
strengthen (i.e. moderate) the influence of attitudes or beliefs 
on intentions to reduce energy use or actual behavioural chang-
es. A possible reason for this finding is that changes in inten-
tions and behaviour may be driven by changes in attitudes and 
beliefs towards energy use rather than by program participa-
tion strengthening the relationship between these constructs. 
For example, program participation may foster more positive 
attitudes towards energy conservation rather than strengthen 
the influence of pre-program attitudes on intentions and be-
haviour. To test this proposition, it is recommended that future 
research investigates the longitudinal influence of energy effi-
ciency programs on changes to participant attitudes, beliefs and 
intentions, and in turn, the effect of such changes on energy 
use behaviour. 

This study was conducted for a single program in Central 
Victoria, Australia and cannot necessarily be generalised to 
other regions or programs. To test the generalisability of the 
results from this study, it is recommended that the study’s find-
ings are tested in other regions and for different types of energy 
efficiency programs. 

Besides examining the average impacts of energy efficiency 
programs interventions, energy efficiency policy makers can 
benefit from understanding how programs have influenced 
participant behaviour. This study has demonstrated that the 
TPB model provides a plausible model for understanding and 
measuring the dynamics of household energy use. Further re-
search into the influence of programs on changing the determi-
nants of intentions and behaviour will provide greater insight 
into participant behaviour in response to such initiatives. Such 
knowledge will help to ensure better policy decisions aimed at 
achieving energy security and lowering carbon pollution.
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